The investigation was carried out to clarify the effects of various dietary protein contents on vitamin A status of rats exposed to prolonged immobilization through suspension. A rat wearing a special jacket to which metal chains were attached, was suspended for 10days as an analogy of simulated weightlessness. Five groups of suspended rats were fed on the diets containing various amounts of casein (5, 10, 20, 40 and 60, w/w%), while control group received the 20% casein diet. Through suspending animals, a decrease in body weight gain and increase in adrenal weights occurred. Serum albumin concentration of the sus pended rats fed on the 10, 20, 40 and 60% diets were the same as that of the control rats. The suspended rats showed lowered serum retinol concentrations and elevated hepatic retinyl palmitate contents without noticeable differences between the diets. The hepatic retinol levels were not clearly affected. In the suspended rats, testicular levels of retinyl palmitate and retinol significantly decreased as compared with the con trol. These parameters' alterations did not relate to serum albumin concentration and were independent of dietary protein levels. The results suggest that stress state may cause suppression of releasing hepatic vitamin A, resulting in a lowered serum retinol concentration, being independent of nutritional status of protein.
observed in patients with infections (5), with burn injuries (6), and with stress arising from multiple trauma (7). However, mechanism(s) responsible for the stress-related alteration of vitamin A state remain to be elucidated .
Space flight is assumed to stimulate environmental stress which may cause various changes in hormone secretion (8). These hormonal changes may lead to alterations in nutrition and metabolism in the body. Based on the information obtained from space missions, space flight was accompanied by alterations of various mineral and nitrogen balance (9). Furthermore , it was reported that the B vitamins and vitamin C concentrations in serum were decreased in space crewmen (10). However no information is available about vitamin A status in space crewmen.
Taking this information into consideration, the questions arise as to whether space flight-associated weightlessness may be accompanied by stress and might cause changes in the vitamin A status of humans as well as animals . It is not clear as to whether space flight-related stress conditions would result in increased demands on the micronutrients, especially vitamin A. The previous study (11) demonstrated that prolonged immobilization-induced stress as an analogy of sim ulated weightlessness by suspending animals exerted changes in the vitamin A status of rats. The most significant results obtained from the previous study included fi ndings that hepatic retinyl ester contents were elevated in the suspended rats , possibly resulting in a low level of serum retinol. A very high correlation between plasma retinol and RBP levels for severe malnutrition was observed in human (12). The low serum retinol vitamin A in the patients with kwashiorkor largely reflected a functional impairment in the hepatic release of vitamin A due to defective hepatic production of RBP (12) . Acute and chronic liver dysfunctions bring about lowing of serum levels of retinal and its transport protein, RBP (12).
Therefore, we could not rule out the possibility that the prolonged immobi lization-induced stress might change nutritional status of protein , followed by altering vitamin A status, e. g., accumulation of hepatic retinyl palmitate and a low serum retinol concentration (11). This study was designed to clarify the effects of various amounts of dietary protein intake on the vitamin A status in rats exposed to prolonged immobilization-induced stress. In this study, we suspended animals in an analogy of weightlessness accom panied by stress condition. Although it is difficult to produce zero gravity in ground-based studies, one can obtain a great deal of information about acclimation of animals and humans to weightlessness by using a variety of simulation or analogies such as hypokinesia, prolonged bed or chair rest, immobilization and others (19) . Although the suspension of animals cannot be strictly called a simulation of zero gravity, because of the presence of gravity, the suspended state of animals brought about similar physiological changes to those observed in space. For example, when rats were suspended for 10days with our suspension apparatus, this resulted in the muscle atrophy (13, 20) and urinary calcium loss (unpublished data). It is well known that space flight causes muscle atrophy and bone demin eralization (9). In this point, our suspension model can be useful for the simulation of weightlessness associated with stress.
Our data indicate that the reduction of serum retinol concentration in sus pended animals accompanied the increase in adrenal weights (Table 2 ). This enlargement of adrenal tissue suggested that the suspended animals were in stress condition. This stress condition seems to be associated with the alteration in the vitamin A status which included a low serum retinol concentration and an increase of hepatic retinyl palmitate in this study (Table 2 , Fig. 1 ).
Comprehensive studies have evidenced that serum retinol is transferred in complex form with RBP and transthyretin (TTR), and that serum retinol levels are regulated by the RBP metabolism (12). The serum retinol is known to be influenced by nutritional factors with respect to dietary variety such as energy, protein and vitamin A. Protein depletion status reportedly leads to a low serum retinol concentration, because of disorder of RBP synthesis in liver due to lack of substrates. It was expected that stress induced by suspension of animals may cause enhancement of protein catabolism, resulting in low levels of RBP and serum retinol. However, the data indicate that the dietary protein intake levels were not critical for their serum retinol levels in the suspended rats. There were no differences in the serum retinol levels between the groups of suspended rats fed the diets containing various amounts of casein from 5 to 60% in the diet (Table 2) . Besides, the declined serum retinol concentrations of these suspended groups did not relate to the serum albumin concentrations which were the same as that in the control group (Table 2 ). This finding suggested that RBP-retinol secretion from liver into serum in the suspended rats decreased by different mechanism from that for hepatic albumin secretion. Previous study (21) explored that RBP-retinol secretion process is involved in Golgi apparatus, Golgi-derived secretooy vesicles and microtubules, and that this secretion process did not relate with the overall rate of hepatic protein synthesis.
The suppression of releasing hepatic vitamin A which could be ascribed to declined retinol-RBP complex mobilization into blood, was independent of protein intake levels. Each group of suspended rats fed on various protein levels in the diets, showed considerably higher levels in hepatic retinyl palmitate as compared with the control group, without noticeable differences between the dietary groups of suspended rats. Our previous study revealed that a rise in hepatic retinyl palmitate contents in the suspended rats was also independent of the energy intakes (11). In the previous study (11) in which pair-feeding and force-feeding were carried out, the suspended rats exhibited remarkably elevated hepatic retinyl palmitate levels, even though animals ingested the lower amounts of energy due to the decreased food intake. Furthermore, although the suspended rats consumed the same amounts of energy as that consumed by the normal rats by force-feeding technique, the hepatic retinyl palmitate level increased. Therefore, it suggests a possibility that stress state arising from exposing animals to prolonged immobilization through suspension leads to a rise in hepatic retinyl ester content and to a fall in serum retinol concentration. These parameters' alterations are probably independent of nutritional changes in protein and energy metabolism. Mechanisms responsible for this suppression of releasing hepatic vitamin A are not clear at present. Reportedly, stress arising from the zero gravity condition brought about an increase in secretions of the adrenocorticoid and thyroid hormone (T4) (9). These hormonal factors in stress condition appear to be connected to the suppression of releasing hepatic vitamin A. Thyroid hormone reportedly relates to serum retinol and RBP levels. The patients with hyperthyroidism showed decreased serum levels in retinol, RBP and TTR (22) .
The level of retinyl palmitate in the peripheral target tissues of vitamin A action such as testes remarkably decreased in each group of the suspended rats exposed to prolonged immobilization-induced stress relative to the control. Nev ertheless its levels were independent of protein intake levels varying from low to high in this study (Fig. 1) . Altering retinyl palmitate contents in peripheral tissue, therefore, may be the consequence of an increased rate of retinol utilization and/or low uptake of circulating retinol.
Further study is needed to clarify the mechanism (s) which cause the sup pression of releasing hepatic vitamin A in rats exposed to prolonged immobiliza tion-induced stress. 
